The haemodynamic effects of infusing sodium nitroprusside or trinitroglycerine to control hypertension during operation were compared in 22 patients undergoing coronary artery surgery. Measurements were taken before induction of anaesthesia, during median sternotomy, and upon attainment of a stable decrease in arterial pressure. Both drugs significantly decreased arterial pressure without affecting heart rate or cardiac output. Systemic vascular resistance, pulmonary capillary wedge pressure and left and right ventricular stroke work were decreased also. Although nitroglycerine significantly decreased pulmonary vascular resistance, and produced a significantly greater decrease in central venous pressure than nitroprusside, these differences are unlikely to be important clinically.
Systemic hypertension, sometimes accompanied by electrocardiographic evidence of ischaemia, is common before cardiopulmonary bypass in patients with coronary artery disease during revascularization operations, despite apparently adequate anaesthesia (Arens et al., 1972) . Sympathetic nerve stimulation during median sternotomy may cause tachycardia and an increase in systemic vascular resistance, thus increasing ventricular stroke work and myocardial oxygen demands beyond available supply, and the patient is exposed to the danger of the perioperative infarct (Mundth and Austen, 1975) .
Sodium nitroprusside (Lappas et al., 1976 ) and trinitroglycerine (Kaplan and Jones, 1979) have been advocated to control hypertension during cardiac surgery and this study was designed to compare these two drugs.
PATIENTS AND METHODS
Consecutive patients presenting for coronary artery bypass surgery were divided randomly into two equal groups to receive either sodium nitroprusside (SNP) or trinitroglycerine (TNG) during anaesthesia. Informed consent was obtained from each patient.
Patients
Eleven patients received SNP (nine male and two female) with a mean age of 53 yr (range 45-65 yr) and mean left ventricular end-diastolic pressure (LVEDP) on cardiac catheterization of 17mmHg (range 10-30mmHg). Eleven male patients received TNG (mean age was 51 yr, range 39-62 yr) with a mean LVEDP of 17mmHg (range 12-26 mm Hg). All patients had presented with angina and were treated with adrenergic betareceptor blocking agents up to the evening before surgery. They were exercised before operation to the point of development of angina pectoris or S-T segment change on the electrocardiogram (e.c.g.), using a standard treadmill test, and rate-pressure products were calculated (Nelson et al., 1974) .
Following premedication with lorazepam 2.5 mg orally (2h before operation), and droperidol 5-1 Omg plus fentanyl 50-100ugi.m. (lh before operation) each patient was brought to the operating theatre breathing oxygen. Cannulae were inserted, under local anaesthesia, to a peripheral vein and the radial artery. The e.c.g. (leads II and V5) was monitored and a triple-lumen thermodilution flotation catheter inserted into a branch of the pulmonary artery. The following baseline values were recorded before induction of anaesthesia: heart rate, systolic arterial pressure, mean arterial pressure, mean pulmonary artery pressure, mean pulmonary capillary wedge pressure, mean central venous pressure and cardiac output in duplicate by thermodilution (values accepted if within 5% of each other).
Anaesthesia, induced with droperidol Hospital 0.2mgkg"' plus fentanyl 10ugkg~M.v. was maintained with a mixture of 50% oxygen and nitrous oxide delivered from a Blease ventilator. The trachea was intubated following the administration of pancuronium O.lmgkg" 1 . Further increments of fentanyl and pancuronium were administered as necessary (judged clinically and by interpretation of a Cerebral Function Monitor recording). Ventilation was adjusted to produce Pa COl between 4.5 and 5.5 kPa, as determined by repeated measurements of bloodgas tensions. Before median stemotomy a 14-gauge central venous catheter was inserted percutaneously into the left subclavian vein by the infraclavicular route to allo\y administration of SNP or TNG.
During surgical stimulation, the patients were allowed to exceed 75% of their calculated rate-pressure product and all variables measured again (control). Either fresh 0.01 % sodium nitroprusside (Nipride, Roche) in 5% dextrose (protected from light) or 0.01% trinitroglycerine (Tridil, American Hospital Supply) in 5% dextrose was infused using an electronic fingerpump counter and micro-drip set, starting at 20ugmin~1 and increasing by 20-ug increments each minute until mean arterial pressure decreased to between 70 and 80mmHg, and all measurements repeated (treatment). The time taken from commencement of infusion to attainment of a stable arterial pressure was noted. Blood losses were minimal during the study and were replaced on a 1:1 basis using 5% dextrose solution. Additional variables were derived from the basic measurements as follows: 2 ); RPP = rate-pressure product (mm Hg beat min" 1 ); CO = cardiac output (litremin" 1 ); BSA = body surface area (m 2 ); HR = heart rate (beat min" l ); AP = mean arterial pressure (mm Hg)t RAP = mean right atrial pressure (mmHg); PAP = mean pulmonary artery pressure (mm Hg); PCWP = mean pulmonary capillary wedge pressure (mmHg) and SAP = systolic arterial pressure (mm Hg).
Results are expressed as mean + standard error of the mean (SEM), and paired and unpaired Student t tests used for assessment of statistical significance.
RESULTS
The haemodynamic changes produced by SNP or TNG are presented in table I.
During opening of the chest and before preparation of the heart for cardiopulmonary bypass, surgical stimulation produced an increase in heart rate in both groups of patients ( fig. 1 ). However, there was no further increase after the introduction of either SNP or TNG.
Median stemotomy was associated with marked systemic hypertension which was not ameliorated by increments of fentanyl 200 ug i.v. Within 1 min of commencing an infusion of SNP there was a decrease in mean arterial pressure and stability was achieved within 5 min at an average dose of 1.1 ug kg "' min "
i . There was a marked tendency to overshoot, but arterial pressures returned to baseline values within 4 min of stopping the infusion.
TNG produced a significant decrease in arterial pressure ( fig. 2 ) which was more gradual in onset. The effects were seen within 2 min of commencing the infusion and stability was achieved within 7min at an average dose of 2.8ugkg~' min"
1 . There was less tendency to overshoot than with SNP. Arterial pressures returned to their previous values within 5 min of withdrawing TNG.
The changes in mean arterial pressure were reflected in significant decreases in RPP (table II) . Although two patients receiving SNP developed transient S-T segment depression during surgical stimulation, this reverted to normal during the infusion of SNP. S-T segments remained isoelectric throughout in the TNG group.
Left atrial pressures decreased markedly during administration of SNP or TNP and the latter agent produced a slightly greater decrease in right atrial pressure than that achieved by SNP. Cardiac index and stroke index decreased in both groups after the induction of anaesthesia ( fig.  3 ) despite an increase in mean arterial pressure with surgical stimulation. These indices were unaffected by the infusion of SNP or TNG.
Systemic vascular resistance index decreased markedly in both groups during treatment.
Although the decrease was greater in the patients receiving SNP the difference was not statistically significant. Pulmonary vascular resistance was unaffected by SNP but decreased significantly with TNG although the difference between the groups was not significant.
Left ventricular performance was improved markedly'byboth drugs(figs. 4,5).Two patients in the SNP group and five in the TNG group who possessed normal left atrial pressures and stroke work indices during surgical stimulation responded normally to vasodilatation by concomitant decreases in both parameters. Nine patients treated with SNP, and six patients treated with TNG, who had abnormally high left atrial pressures during surgical stimulation, responded to vasodilatation by a decrease in left atrial pressure to normal without any corresponding decrease in ventricular stroke work.
DISCUSSION
Sympathetic nerve stimulation increases myocardial oxygen consumption by increasing heart rate, augmenting contractility, and increasing intramyocardial wall tension secondary to increased afterload (hypertension) or increased preload (increased ventricular filling pressures) (Braunwald, 1971) . Measurement of the rate-pressure product as a guide to myocardial oxygen consumption ( VHIQ,) during anaesthesia is controversial and has its advocates (Dunbar, 1979) and detractors (Kissin and Mardis, 1980) . Since the components of the RPP produce opposite effects on myocardial oxygenation, changes in RPP may not accurately reflect changes in PTTIQ, (Barash and Kopriva, 1980 ). An increase in heart rate increases Vm^,^ and decreases the time available for coronary filling during diastole. An increase in systolic arterial pressure may increase fano^but may also improve myocardial oxygenation by increasing coronary perfusion pressure. Thus, a patient with tachycardia and hypotension may be in greater danger of suffering ischaemic cardiac damage than one with a numerically similar RPP produced by systolic hypertension and a normal heart rate. In this study, increases in heart rate and systplic arterial pressure were evenly matched in both groups, hence RPP measurement could be expected to provide a reasonable clinical guide to an increase in Vm Oj and the possibility of ischaemia, whilst accepting the limitations of this index as outlined above.
One approach to the control of hypertension and tachycardia during anaesthesia for coronary artery surgery is to utilize maximal beta-blockade by continuing treatment right up to the morning of surgery. However, such therapy may impair the normal inotropic response of the heart to the moderate haemodilution which occurs after cardiopulmonary bypass, and so produce a situation where the cardiac output cannot increase sufficiently to guarantee adequate oxygen transport to the tissues (Clarke et al., 1980 ). An alternative is to increase the depth of anaesthesia by the administration of inhalation agents. However, halothane, enflurane and trichloroethylene cause depression of ventricular function, especially in the presence of beta-adrenergic blocking agents (Stephen, Davie and Scott, 1971; Foex et al., 1974 Horan et al., 1977 , and are associated with high ventricular filling pressures and poor endocardial viability ratios (Maunuksela, 1977; van Ackern et al., 1979) . Investigations in dogs using epicardial mapping (Bland and Lowenstein, 1976) , and direct measurement (Smith, Rogers and Thorburn, 1980) have demonstrated that halothane improves the ratio of oxygen supply to demand in experimentally-produced myocardial ischaemia in the presence of normal ventricular filling pressures. This beneficial effect has yet to be demonstrated in the presence of increased ventricular filling pressures in man. It would therefore seem logical to control hypertension during operation by the adoption of an anaesthetic technique which has a reputation for maintaining cardiovascular stability without depressing ventricular function (Tyden and Westerholm, 1979 ) by using moderate betablockade (by discontinuing beta-blocking agents 12-24h before surgery) and augmenting these with direct-acting vasodilators. Kaplan and Jones (1979) compared nitroprusside with nitroglycerine freshly prepared in the hospital pharmacy and showed that both drugs directly affect vascular smooth muscle and will decrease arterial pressure by a balanced dilation of resistance and capacitance vessels during anaesthesia. They found that coronary perfusion pressure was better maintained by TNG, a conclusion supported by other workers (Chiariello et al., 1976) .
In this study, both drugs controlled the intraoperative hypertension by decreasing mean arterial pressure adequately without affecting heart rate or cardiac output, showing that myocardial contractility was unaffected by either agent. The decreases in arterial pressure with both agents were accomplished by decreases in systemic vascular resistance and hence left ventricular afterload. In addition, TNG significantly decreased pulmonary vascular resistance. Left and right ventricular filling pressures were decreased significantly by both drugs. TNG produced a greater reduction in right atrial pressure than SNP which, although statistically significant, was not large enough to be of clinical significance. The decrease in preload reduced left ventricular enddiastolic pressure and decreased ventricular wall tension without substantial alterations in stroke work, suggesting that myocardial oxygen consumption was reduced without impairing cardiac output.
During anaesthesia, no patient exceeded that rate-pressure product which was associated with angina or S-T changes when exercised before operation (table II) and this may explain why only two patients, both in the SNP group, showed S-T depression which disappeared shortly after commencing SNP infusion. Interestingly, these chan-ges were only apparent in the lateral chest lead (V5), demonstrating the importance of monitoring this lead during operation for the detection of ischaemic episodes of the left ventricle (Kaplan and King, 1976) .
Nitroglycerine was administered via a plastic giving-set incorporating a burette, and it has been shown that, when used in this way, much of the drug diffuses into the plastic (Cossum et al., 1978) . This may explain why doses of TNG required to achieve haemodynamic stability were consistently greater than those reported elsewhere. Absorption may be minimized by infusing TNG using glass syringes coupled with high-density polyethylene connecting tubing. As an alternative the manufacturers could increase the concentration of the agent in the ampoule.
The conclusions to be drawn from this study are that both drugs improve ventricular performance whilst reducing myocardial oxygen consumption, and that there appear to be no clinically important haemodynamic differences between their effects. The change in central venous pressure produced by TNG was significantly greater than that produced by SNP, but the magnitude of the decrease in absolute terms is unlikely to be clinically significant. This opinion is supported by the fact that similar reductions in pulmonary capillary wedge pressure occurred with each agent. Although this study has failed to demonstrate any marked haemodynamic differences between the two drugs, nitroglycerine may be preferred for its more controllable decrease in arterial pressure coupled with less tendency to overshoot. Los efectos hemodinamicos de la infusion de nitroprusiato de sodio o de trinitroglicerina para controlar la hipertension durante la operacion, se compare en 22 pacientes sometidos a operacion de la arteria coronaria. Se efectuaron mediciones antes de administrar la anestesia, durante la esternotomia mediana y al logro de una disminucion estable de la presion arterial. Ambas drogas disminuyeron significativamente la presion arterial sin que el ritmo cardiaco ni la produccion cardiacs quedaran afectados. Tambien se disminuyeron la rcsistenda sistemico vascular, la presion gradual de los capilares puknonares y el trabajo de bombeo ventricular izquierdo y derecho. Aunque la nitroglicerina disminuyo significativamente la resistencia vascular de los pulmones y produjo una mayor y mas significative disminurion en la presion venoso central que el nitroprusiato, no es probable que estas diferencias scan de importancia clinica.
